Adolescence is an important period in life that is characterized by physiological and psychological changes that can have longterm consequences for future physical and mental health [1, 2] . Once considered the healthiest stage of life, more recently there has been a shift in the age of onset of noncommunicable diseases into younger adolescent years [3] .
Adolescence is a time when individuals are particularly vulnerable to injury [4] . Many of these injuries are related to the increase in health risk behaviors during adolescence, such as alcohol consumption, illicit substance misuse, and engagement in violent and other criminal behavior. Adolescence is also a time when other more ubiquitous behaviors that impact on health emerge, such as lack of physical activity, poor dietary behaviors, and cigarette smoking [1, 5, 6] . Not all adolescents will engage in risk-taking behavior, but they are more likely to do so than children and adults [7] . Some of these risk behaviors are important because they can lead to chronic diseases in later life [8] but also have more immediate consequences for rates of adolescent injuries, even after controlling for the social environment and its associated environmental hazards [9, 10] .
Preventable and often self-inflicted injuries are believed to be among the greatest threats to the health and well-being of adolescents [11, 12] . Gradients in risk for injury are therefore an important influence on adolescent health inequalities [10] . Knowledge about the predictors of injury risk could be used to inform the design and targeting of preventive interventions aimed at improving adolescent health outcomes [13] . In a previous international analysis of young people, reported injuries increased in direct association with increased frequency of reported risk behaviors; this gradient remained consistent across culturally diverse countries, within all demographic strata defined by age and sex, across different injury types and with and without adjustment for potential confounders [9] . However, evidence of the effect of previous and concurrent educational attainment on adolescent injury as a proxy measure of health is sparse.
There is a well-established association between education and general health: good education predicts good health, and disparities in both are persistent and closely linked [14e16] . The influence of education on health is both potentiating and protective; it can trigger healthier futures, mitigate social stressors, and provide access to employment opportunities and life chances that could protect individuals from later-life disadvantage [17, 18] . The relationship between education and health is also mutually reinforcing: health and educational attainments affect each other [19] . Past and present states of health profoundly shape individuals' levels of educational attainment which, in turn, are consistently linked to concurrent and future states of health [15,20e22] .
Pati et al. [23] state that early school success is clearly related to later success and health [24, 25] and strongly linked to the development of child behaviors in the preteenage years [24] . Risk-taking behaviors thus acquired are known to have a major impact on health in adolescence and adulthood [26] . However, poor attainment might lead to low self-worth and negative stereotyping in students, which in turn might lead to continued low attainment and health risks [27] .
This study is based on life course theory, whereby loweducated individuals are exposed to cumulative disadvantage through socioeconomic adversity, chronic stress, and poor health lifestyles and environments, among other mechanisms. All those factors manifest over the long term and culminate in poorer health in late life [28] .
It was designed to contribute to this literature by examining the effect of educational attainment on adolescent health, using injury rates as a proxy for risk-taking behaviors.
Methods
Study design: Record-linked e-cohort study Routine data. Children from the Wales Electronic Cohort for Children (WECC; version 1.4) were linked to their educational records (Pre-16 years Educational Attainment Data set), mortality data, hospital admissions data, and general practice records. WECC contains all children born in or living in Wales and registered with a general practitioner in Wales between the dates January 1, 1990 and December 31, 2013. The educational data set contains assessment results for years 2003e2012, with sparse information for earlier years. This means that only children born before 2002 (unless they took the assessment early) were old enough to be included in the analysis and only those born from 1996 onward (age 7 in 2003) had good data coverage in the education data set.
We are using two time points of educational attainment. Key stage 1 (KS1) is a national assessment in mathematics and in the English or Welsh language at age 7/8, and key stage 2 (KS2) is the equivalent national assessment at age 10/11.
The linkage and hosting of this data were through the Secure Anonymised Information Linkage (SAIL) databank [29, 30] . The SAIL databank anonymously record-links routinely collected data held in health and social care data sets at the Centre for Improvement in Population Health through E-records Research, Swansea University, United Kingdom and is part of the Farr Institute [31] . For each data set within the SAIL databank, an individual is assigned an Anonymised Linking Field, based on their names, address, or National Health Service number, which is used to link across data sets. All data within the SAIL gateway are treated in accordance with the Data Protection Act 1998.
To date, the SAIL databank incorporates over 10 billion records from multiple health and social care events and at the time of analysis received data from 42% (195/468) of general practices (GPs, i.e., these are visits to the family physician) in Wales containing information on 2,340,210 (46%) out of 5,066,916 individuals ever registered with a GP. SAIL receives all inpatient hospital episodes for Wales from the Patient Episode Database for Wales.
Survey data. The Health Behaviour in School-aged Children (HBSC) survey [32] is a research collaboration with the World Health Organization Regional Office for Europe and is conducted every 4 years in 44 countries across Europe and North America, asking pupils to self-report health behaviors. As part of the 2013/ 2014 HBSC survey in Wales, we conducted an Medical Research Councilefunded pilot study among adolescents aged 11e16 years in nine secondary schools, who were asked to complete the HBSC questionnaire and to consent to linkage of their survey data to their health and education data within the SAIL databank.
Analysis
Routine data. Data linkage and data preparation within the SAIL databank were conducted using IBM DB2 9.7 SQL. Data were then imported into Stata 13, which was used for all statistical analyses.
The aim of this study was to compare injury rates among children that have the same education attainment at baseline (attainment at age 7) , that is, they either attain at age 7 (group A) or they do not (group B). Children in the same group of analysis should therefore have the same potential for learning and achieving at age 11. We hypothesized that not achieving in the early years had a detrimental impact on health behavior in adolescence. We used injuries during adolescence as a proxy for health behavior to assess the impact; however, 15 children left Wales before the age of 12 years and were therefore removed from the cohort. Reasons as to why children might be missing are rather complex: (1) obviously we only have good data coverage for the years 1996e2001; (2) children move in and out of Wales (or die) and might leave the school before the attainment assessment or only join the school afterwards; and (3) children might take the assessment early or late which means their attainment was outside of our data coverage. Other reasons for missing attainment might be illness or repeat of school years.
Confounders were calculated at baseline (KS1; see Supplement 1). The KS1 assessment date was set to the first of May of the assessment year. The mean age at KS1 was 7.18 years.
If the assessment year was missing (.1% of cases) then it was set to the assessment date following the child's seventh birthday.
The final cohort of children was stratified according to achievement at KS1, that is, group A: achieved KS1 and group B: did not achieve KS1. The groups were stratified further by achievement at KS2 and compared for time to injury after age 12 years. Therefore, analysis of group A examined those who had achieved all core indicators (mathematics and languages) at KS1 and compared those who achieved KS2 (consistent achievers) and those who did not achieve all core indictors at KS2 (declining in attainment) for injury outcomes in adolescence. Analysis of group B examined injury outcomes for those who had not achieved KS1 and compared those who also did not achieve core indicators in KS2 (consistent nonachievers) with those who did achieve in KS2 (improving in attainment). For comparison, we added a further analysis C, which examined those improving in attainment (did not achieve KS1 but did achieve KS2) with those declining in attainment (did achieve KS1 but did not achieve KS2).
Outcomes assessed were time to admission for injury between the age of 12 and 18 years (i.e., during secondary school) in the inpatients data set and contacts to the GP for injury. Analysis was conducted for boys and girls separately.
Cox regression analysis was used for analyses of groups A, B, and C. The follow-up was calculated as the time from the child's 12th birthday to outcome assessed as the date of (1) death, (2) injury, (3) migration out of Wales, (4) end of study, or (5) the child's 18th birthday. Log-log survival plots and Schoenfeld residuals were used to assess the assumption of proportionality of hazards. The analyses were repeated to adjust for free school meal entitlement/deprivation characteristics.
Outcomes of injury were defined using medical records. GP data in the United Kingdom are coded using Read Codes which contains some 300,000 codes for symptoms, diagnosis, treatment, and management [33] . Data within the hospital admission system are recorded using International Classification of Diseases-10 codes [34] (see Supplement 2 and 3).
Survey data. Chi-squared analysis was used in Stata 13 to examine the proportion of pupils self-reporting alcohol consumption and alcohol intoxication according to educational achievement in primary school. The questions and variables this analysis was based on can be found in Supplement 4.
Ethical approval
The study design uses anonymized data, and therefore, the need for ethical approval and participant consent was waived by the approving institutional review board. The independent Information Governance Review Panel, which contains members from the UK National Health Service Research Ethics Service, approved the study. The HBSC survey data aspect of the study required participant consent to link survey data to health and education records. Ethical approval was obtained from the Cardiff University School of Social Sciences Research Ethics Committee and the Information Governance Review Panel.
Results
A total of 172,436 children (male: 88,384; female: 84,052) had assessment results for both of the national assessments at age 7 and 11.
Fifteen children were removed from the cohort as they had either died or left Wales before their 12th birthday (providing no follow-up data), leaving 172,421 children in the cohort. After stratification by KS1 results there were Analysis A: 126,240 (73%) children who achieved both KS1 and KS2 (achievers), and 13,396 (7.8%) who achieved KS1 but not KS2 (declining), Analysis B: 9,858 (5.7%) children who did not achieve KS1 but did achieve KS2 (improvers), and 22,927 (13.3%) who did not achieve either of the national assessments (nonachieving; see Supplement 5).
Primary care
Nearly 99.99% of the children with educational attainment data were registered with a general practitioner. Thirteen thousand four hundred thirty-four children had a GP consultation because of injuries (7.8% of the joint WECC and educational attainment cohort). Only 14 children could not be linked to GP data. The time to the first injury-related GP contact was analyzed using Cox regression. Twenty children had a follow-up of less than 1 day (i.e., injury on the day they left the cohort) and were excluded from analysis, leading to 172,401 children in the primary care cohort. The mean time of follow-up from the 12th birthday to first injury-related GP contact was 2.45 years. The full results of this analysis including confidence intervals can be found in Table 1 .
Analysis A: Children who achieved KS1 but not KS2 (i.e., declining in attainment) were at higher risk of injury in adolescence (that resulted in attendance at the GP) compared with those who achieved both stages (hazard ratio: 1.14, boys; hazard ratio: 1.17, girls).
Analysis B: Girls who did not achieve both stages were at higher risk of injury compared with girls who initially did not achieve KS1 but then went on to achieve KS2 (improvers) (hazard ratio: 1.29). This was not observed in the boys (i.e., improvers and consistent nonachievers had the same risk of GP injury attendance).
Analysis C: Improving girls were less likely to present with injuries at their GP's than decliners (hazard ratio: .81; see Supplement 6).
Multiple general practice contacts. About 4,100 children had more than one GP visit due to an injury. The majority of children with injuries (86%) had two or three GP visits.
A group-level Cox regression was performed for all injuryrelated GP contacts. In this type of analysis only the group membership (i.e., consistent achiever, decliner, improver, and consistent nonachiever) was taken into account. Results for multiple GP contacts were similar to the results for single GP contacts (see Table 2 ).
Analysis A: Children who achieved KS1 but not KS2 (i.e., declining in attainment) were at higher risk of injury in adolescence (that resulted in attendance at the GP) compared with those who achieved both stages (hazard ratio: 1.16, boys; hazard ratio: 1.27, girls).
Analysis B: The girls who did not achieve both stages were at higher risk of injury compared with girls who initially did not achieve KS1 but who went on to achieve KS2 (improvers) (hazard ratio: 1.25). This was not observed in the boys (i.e., improvers and consistent nonachievers had the same risk of injury).
Analysis C: Improving girls were less likely to present several times with injuries at their GP's than decliners (hazard ratio: .76; see Supplement 7).
Hospital admission
A total of 5,370 (3.11%) children had at least one injury-related hospital admission after the age of 12 years (2.83% in the consistent achieving group and 3.85% in the consistent nonachieving group). The results of the Cox regression to the first injury admission to hospital are in Table 3 . Five children had a follow-up of less than 1 day (i.e., injury on the day they left the cohort) and were excluded from analysis, leading to 172,416 children in the secondary care cohort. The mean time of follow-up from the 12th birthday to first hospital admission was 2.52 years.
Analysis A: The children who achieved KS1 but not KS2 (i.e., declining in attainment) were at higher risk of admission for injury in adolescence compared with those who achieved both stages (consistent achievers) (hazard ratio: 1.34, boys; hazard ratio: 1.36, girls).
Analysis B: There was no significant difference between those who did not achieve at KS1 and those who did. Those who were improving in educational achievement over KS1 and KS2 were not at any different risk to those who were not achieving academically.
Analysis C: Improving boys were less likely to have an injuryrelated hospital admission than declining girls (hazard ratio: .85; see Supplement 8).
Multiple hospital admissions. Six hundred seventeen children had more than one hospital admission for injuries between the age of 12 and 18 years. The majority (80.7%) of these children had two admissions, 17 children had more than five admissions, but some of these were connected to inpatient physiotherapy visits. Children with more than five admissions were more likely to have International Classification of Diseases-10 codes relating to risk factors (e.g., history of self-harm; 13 cases) and intentional self-poisoning (12 cases).
Hazard ratios were similar to the results for single hospital admissions (see Table 4 ).
Analysis A: The children who achieved KS1 but not KS2 (i.e., declining in attainment) were at higher risk of hospital admission for injury in adolescence compared with those who achieved both stages (hazard ratio: 1.33, boys; hazard ratio: 1.47, girls).
Analysis B: There was no significant difference between those who did not achieve at KS1. Those who were improving in educational attainment were not at any different risk to those who were not achieving academically. Analysis C: Improving boys were less likely to have multiple injury-related hospital admissions than decliners (hazard ratio: .85; see Supplement 9).
Self-reported health data. There were 801 children who completed the HBSC questionnaire and 756 (94%) gave consent to routine data linkage; of these, 616 (81%) could be linked with health records and 398 (52%) could be linked to education records for both KS1 and KS2 from primary school. Of 398 (51.5% male and 48.5% female) children with educational linkage, none were in year 7 (aged 11e12 years), 142 (35.6%) were in year 8 (aged 12e13 years), 108 (27.1%) were in year 9 (aged 13e14 years), 115 (28.9%) were in year 10 (aged 14e15 years), and 33 (8.2%) were in year 11 (aged 15e16 years). The percentage of those who have ever drunk alcohol by school year in this sample was 33% (year 8), 51% (year 9), 64% (year 10), and 84% (year 11).
Analysis A: The pupils who were declining in attainment were the group most likely to be drinking alcohol (14/20, 70%) compared with those consistently achieving in primary school (171/309, 55.3%, p ¼ .0001) and were more likely to have ever been intoxicated (8/20%e40%) compared with those consistently achieving (76/309, 24.6%, p ¼ .088). They were also more likely to be physically inactive (self-reported physical activity less than once per week) compared with those who consistently achieved in primary school (7/20, 31 .6% compared with 50/309, 16.4%, p ¼ .03). Injuries in this group are thus less likely to be associated with sports injuries.
Analysis B: Among the children improving in educational attainment there were also higher levels of drinking (13/29, 44.8%) compared with those not achieving (9/40, 22.5%, p ¼ .049).
Discussion
Children at high risk of injuries in adolescence can be identified in their primary school years as those who initially were doing well in education but then decline in attainment, that is, those who pass KS1 (age: 6e7 years) but fail KS2 (age 10e11 years). Both boys and girls are consistently at higher risk of injuries in this category (i.e., declining), although the risk is slightly reduced for those children in this category eligible for free school meals. Girls that failed both KS1 and KS2 were also more likely to present with injuries at their GP.
This study also suggests that these injuries may be due to risktaking behaviors such as alcohol consumption and that children who are not achieving well academically in primary school, especially at ages 10e11 years (i.e., completion of KS2), may benefit from being targeted with health behavior intervention (e.g., alcohol and self-harmerelated interventions) as they are more likely to drink in adolescence (70%).
Externalizing behaviors (such as conduct disorders, impulsivity, and antisocial behavior), which might present in later primary school years, are known to increase injury risk in adolescents [35, 36] . These are strongly predictive of adult injuries sustained due to violent assaults and permanently disabling accidents [37] and may provide partial explanation for the higher injury rates among those in the "declining" category.
Peer effects on risk taking and risky decision-making are strong among adolescents [38] and stronger than they are among adults [39] . It is possible that those who underachieve in education may form friendship groups with similarly underachieving peers which value risk behaviors such as smoking, extreme sports, and fighting that tend to reinforce antischool values, providing a measure of social integration that further reinforces health risk behavior and disengagement from school life [40] . However, at KS2, the children in this study are probably too young to be subjected to external peer effects, and a decline in school is more likely to be linked to family dynamics.
Limitations
Of those who did not link to health records (177 children), there were more girls (59.6%, compared with 48.5% girls in those who link) and self-reported drinking alcohol was 40% (compared with 43% in those who did have linkage). Furthermore, linkage of education records for KS1 and KS2 combined with follow-up data beyond the age of 12 years was only available for 24% of children on the education data set. This cohort study includes those children born before 2001 (to have follow-up after age 12) and therefore cannot reflect any effects of recent changes in educational policy and/or health interventions in contemporary school settings.
We are using time to injury as primary outcome variable; this allows us to adjust for each child's length of stay in the cohort. However, we might be missing very mobile children that attend hospital in neighboring home countries. We also can only make a statement about GP admissions for those children whose GPs have registered with our databank.
The ability to predict the occurrence of adverse health events associated with risk behaviors may be tempered somewhat by the existence of protective factors, such as family and material supports [40] , which were not investigated.
The HBSC survey contained more children in the younger age group. It therefore provides a better measure of the health of younger rather than older adolescents (i.e., older than 15 years) [8] and gives a less than complete picture of health in older adolescence when many health risk behaviors, such as tobacco and alcohol use, other substance misuse, obesity, and physical inactivity become established [41] .
Injuries may also be triggered by diseases or prevalent health conditions, which would be difficult to isolate in our data. A summary of noncommunicable diseases at KS2 (see Table 5 ), however, only indicates a slightly higher prevalence of asthma in children that fail KS2. Adding comorbidities to our model might explain factors between declining in attainment and injuries. However, this was not within the scope of our project and will be part of another study.
The strength of this study on the other hand is that it comprises of a rare combination of data sets, that is, health data, education data, and survey data.
In summary, this study finds that children at risk of alcohol, substance abuse, and self-inflicted injuries are those who are declining in primary school educational attainment. They initially enter school achieving but then decline in education between the ages 5 and 10 years. Interventions aimed at identifying and targeting children declining in educational attainment in primary school could help to improve adolescent health. This analysis suggests that the triggers for some of the outcomes are before the national assessment at age 10/11, so interventions may need to start in early primary years. 
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